We developed a new series of Gateway binary vectors for plant transformation, R4L1pGWBs, which allow easy construction of promoter:reporter clones. R4L1pGWBs contain a recombination attR4-attL1-reporter cassette, and thus an attL4-promoter-attR1 entry clone was efficiently incorporated by the Gateway LR reaction, resulting in the generation of an attB4-promoterattB1-reporter construct. The reporters employed in R4L1pGWBs were -glucuronidase (GUS), luciferase (LUC), enhanced yellow fluorescent protein (EYFP), enhanced cyan fluorescent protein (ECFP), G3 green fluorescent protein (G3GFP), G3GFP-GUS, and tag red fluorescent protein (TagRFP).
Promoters are an important tool in plant research and biotechnology. In particular, the choice of promoter is a key factor in molecular breeding that allows the expression of a recombinant protein at the desired level and in appropriate tissues. Therefore, information about the promoter, for example, its strength, temporal and spatial specificity, and inducibility by biotic and abiotic stress, is indispensable prior to utilization. We have made R4 Gateway binary vectors (R4pGWBs) 1) for the construction of promoter:cDNA chimeric genes using attL4-promoter-attR1 and attL1-cDNA-attL2 entry clones in desired combinations. In this study, we developed R4L1 Gateway binary vectors (R4L1pGWBs), realizing rapid and easy construction of promoter:reporter fusions to enable efficient expression analysis of a newly isolated promoter using an attL4-promoter-attR1 entry clone. Once characterized, the attL4-promoter-attR1 entry clone can be used directly in R4pGWB, combined with any attL1-cDNA-attL2 entry clone for the expression of a target gene by the promoter.
Plasmids were constructed by standard methods. 2) KOD DNA polymerase (Toyobo, Tokyo) was used in PCR. The sequences of the PCR-amplified region and ligation junctions were confirmed by sequence analysis. All primers used in this study are listed in Table 1 . A SalI-attL1-Aor51HI-SacI DNA fragment was prepared by PCR using an attL1-BAGEL7-attL2 entry clone that encoded a newly identified microtubule associated protein of Arabidopsis thaliana (T. Hino, unpublished results) as template with primers SalI-attL1-F and SacIAor51HI-attL1-R. The amplified product was digested with SalI and SacI, and replaced with the attR2 sequence of R4pUGW7 1) to make R4L1pUGW1, carrying a chloramphenicol-resistance marker (Cm r ) and negative selection marker ccdB between the attR4 and attL1 sites. Fragments encoding -glucuronidase (GUS), 3) luciferase (LUC), 4) enhanced yellow fluorescent protein (EYFP), 5) enhanced cyan fluorescent protein (ECFP), 5) and G3 green fluorescent protein (G3GFP) 6) were prepared by PCR with blunt ends and introduced into the Aor51HI site of R4L1pUGW1, as described previously 7) to make R4L1pUGW33, 35, 40, 43, and 50. A G3GFP-GUS fusion reporter was constructed as follows: A G3GFP fragment was prepared by PCR using pGWB450 8) as template with primers G3GFP-F and G3GFP-GUS-R. The GUS fragment was amplified from pGWB433 8) with primers G3GFP-GUS-F and GUS-R. These products were diluted, mixed, and subjected to a second PCR with primers G3GFP-F and GUS-R. The amplified G3GFP-GUS fragment was used in the construction of R4L1pUGW32. A DNA fragment encoding tag red fluorescent protein (TagRFP), 9) a bright monomeric RFP isolated from the sea anemone Entacmaea quadricolor, was prepared by PCR using vector pTagRFP-mito (Evrogen, Moscow, Russia) as template with primers TagRFP-F and TagRFP-R. The amplified product was used in the construction of y To whom correspondence should be addressed. Tel: +81-852-32-6595; Fax: +81-852-32-6109; E-mail: tnakagaw@life.shimane-u.ac.jp Abbreviations: Cm r , chloramphenicol-resistance marker; ECFP, enhanced cyan fluorescent protein; EYFP, enhanced yellow fluorescent protein; G3GFP, G3 green fluorescent protein; GUS, -glucuronidase; HPT, hygromycin phosphotransferase; Hyg r , hygromycin-resistance marker; Km r , kanamycin-resistance marker; LUC, luciferase; NPTII, neomycin phosphotransferase II; Pnos, nopaline synthase promoter; Spc r , spectinomycinresistance marker; TagRFP, tag red fluorescent protein; Tnos, nopaline synthase terminator The promoter entry clone is constructed by the BP reaction with pDONR P4-P1R and an attB4-promoter-attB1 DNA fragment amplified by adapter PCR. The promoter entry clone is incorporated into vector R4L1pGWB by the LR reaction. The nucleotide sequences around the attB4 and attB1 sites (underlined), created after the LR reaction, are shown at the bottom of the figure. N indicates the nucleotide derived from the entry clone. Black arrowhead, T-DNA border sequence; B1, attB1; B2, attB2; B4, attB4; P4, attP4; P1R, attP1R; L1, attL1; L2, attL2; R1, attR1; R2, attR2; Tnos, nopaline synthase terminator; Km r , kanamycin-resistance marker; Cm r , chloramphenicol-resistance marker; Spc r , spectinomycin-resistance marker; ccdB, negative selection marker.
R4L1pUGW59. The attR4-Cm r -ccdB-attL1-reporter sequence of this series of R4L1pUGWs was introduced into pGWB400 and 500 to make R4L1pGWB432-459 and R4L1pGWB532-559 respectively.
The procedure for the construction of the promoter: reporter fusion gene using R4L1pGWBs is shown in Fig. 1 (left) . An outline of the cloning procedure using previously developed R4pGWBs is also shown in Fig. 1  (right) for comparison. First, the attL4-promoter-attR1 entry clone is made by BP reaction using pDONR P4-P1R (Invitrogen, Carlsbad, CA) and an attB4-promoterattB1 DNA fragment amplified by adapter PCR. Next, the attL4-promoter-attR1 entry clone is incorporated into the R4L1pGWBs by the LR reaction, resulting in the formation of an attB4-promoter-attB1-reporter construct. The attL4-promoter-attR1 entry clone can be shared by the R4L1pGWB and R4pGWB systems. The structures of the R4L1pGWBs are shown in Fig. 2 . R4L1pGWBs have three-digit numbers, analogous to R4pGWBs.
1) The first digit indicates the marker for plant selection; R4L1pGWB432-459s have a kanamycinresistance marker (Km r ) and R4L1pGWB532-559s have a hygromycin-resistance marker (Hyg r ). The last two digits represent the kind of reporter. R4L1pGWB432 and R4L1pGWB532 encode a G3GFP-GUS reporter, R4L1pGWB433 and R4L1pGWB533 encode GUS, R4L1pGWB435 and R4L1pGWB535 encode LUC, R4L1pGWB440 and R4L1pGWB540 encode EYFP, R4L1pGWB443 and R4L1pGWB543 encode ECFP, R4L1pGWB450 and R4L1pGWB550 encode G3GFP, and R4L1pGWB459 and R4L1pGWB559 encode TagRFP. The nucleotide and deduced amino acid sequences of the junction between G3GFP and GUS in R4L1pGWB432 and R4L1pGWB532 are indicated in Fig. 2C . The complete nucleotide sequence for the R4L1pGWBs reported in this paper appear in the GenBank/EMBL/DDBJ database under accession nos. AB524006 through AB524019.
To test the performance of the R4L1pGWBs, we used R4L1pGWB432 (G3GFP-GUS), R4L1pGWB433 (GUS), and R4L1pGWB450 (G3GFP) in promoter:reporter analysis of the Arabidopsis thaliana small protein 3 gene (ATSP3). ATSP3 (AT1G11850) encoded 93 amino acids and was expressed specifically in guard cells (S. Nakamura, unpublished results). The promoter fragment spanning the sequence between À1888 and À1 (the A of the translational initiation codon was designated þ1) of the ATSP3 gene was prepared from genomic DNA by adapter PCR with primers ATSP3 pro-attB4 and ATSP3 pro-attB1. The amplified fragment was used in the con- A, The overall structure of R4L1pGWBs. As a plant selection marker, R4L1pGWB432-459 vectors contain a Km r , and R4L1pGWB532-559 vectors contain a Hyg r . These markers are placed in reverse orientation to the Gateway cassette. RB, right border; LB, left border; sta, region conferring stability in Agrobacterium tumefaciens; rep, broad host-range replication origin; bom, cis-acting element for conjugational transfer; ori, ColE1 replication origin. B, Reporters employed in R4L1pGWBs. G3GFP, G3 green fluorescent protein; GUS, -glucuronidase; LUC, modified luciferase lucþ; EYFP, enhanced yellow fluorescent protein; ECFP, enhanced cyan fluorescent protein; TagRFP, tag red fluorescent protein. C, The nucleotide and amino acid sequences of the junction between G3GFP and GUS in R4L1pGWB432 and R4L1pGWB532. The initiation codon of GUS has been converted to GCT (red letter). struction of an attL4-P ATSP3 -attR1 entry clone, as described previously.
1) The attL4-P ATSP3 -attR1 entry clone was introduced into R4L1pGWB432, R4L1pGWB433, and R4L1pGWB450 to make P ATSP3 :G3GFP-GUS, P ATSP3 :GUS, and P ATSP3 :G3GFP respectively by the LR reaction following the manufacturer's instructions (Invitrogen). It was not necessary to digest R4L1pGWBs prior to the LR reaction because the simple bipartite LR reaction is highly efficient. These constructs were introduced into Agrobacterium tumefaciens C58 C1 (pMP90) and were used in the transformation of A. thaliana (Col-0 accession), as described previously. 8) T2 seedlings were used in GUS and GFP expression analysis. We observed guard cell-specific GUS expression in both P ATSP3 :G3GFP-GUS and P ATSP3 :GUS transgenic plants (Fig. 3A and C) . In the analysis of GFP expression, the cell wall was visualized by propidium iodide staining. 1) As shown in Fig. 3B and D, GFP fluorescence was specifically observed in the guard cells of both P ATSP3 :G3GFP-GUS and P ATSP3 :G3GFP transgenic plants. We observed different intracellular localization of the GFP signal in these transgenic plants. The G3GFP protein was preferentially localized in the nuclei of the guard cells, whereas the larger G3GFP-GUS fusion protein was excluded from the nuclei and localized in the cytosol of the guard cells, as reported previously. 10) In conclusion, we have developed a new series of Gateway binary vectors, R4L1pGWBs, possessing attR4 and attL1 sites to accept an attL4-promoter-attR1 entry clone by a simple bipartite LR reaction. We added new reporters, G3GFP-GUS and TagRFP, to the R4L1pGWB series, and the G3GFP-GUS reporter was found to be available for microscopic observation of both GUS and GFP. R4L1pGWBs are a convenient tool for the easy construction of various promoter:reporter fusion genes for expression analysis in plants. If attL4-promoterattR1 promoter entry clones and their expression data are accumulated using R4L1pGWBs, one can use such entry clones as a promoter library and apply them to express target genes (attL1-cDNA-attL2) in transgenic plants by R4pGWBs. Binary vectors R4L1pGWBs should accelerate promoter characterization and utilization in plant biotechnology.
